Experimental Study for Renal Protection during
Suprarenal Cross Clamping of the Abdominal
Aorta
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Abbreviations : FENa, fractional excretion of Na ; Osm U/P, osmolality ratio of urine and

plasma.
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Fig.1. Shema of renal preservation with topical

cooling by ice slush and renal perfusion by 4°C
lactate Ringer’s solution.
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Table 1. Contents of lactate Ringer’s solution

CaCl, 0.20 g/t Na* 131 mEq/I
KC1 0.30 g/l K~ 4 mEq/I
NaCl, 6.00 g/1 Ca*t 3mEq/]
Sodium Cl- 110 mEq/1
Lactate 3.10 g/1 Lactate~ 28 mEq/I
Heparin 500 u/1 Osmolality 308 osm/I
pH 6.0—-T7.5
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Bk 90 SHIZ L EIE 21T, BHROMEIEER
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FRMmic £ 2 & 7 v Z{EE P O AUERRME & B EhARM
& O BRI HE HA ML A% 100 mmHg 2 & 200
mmHg @ 813 & 8k i1 5% & 2549 100 ml/min/100 g
BEHE (N=18) BN T35, [XHEHAMmE 80
mmHg T & 63.0+24.7ml/min/100g B E & (N=
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(N=18) ~E{&F L.

3. vav 2 605 K O REERA Bh R & o 3 W 30 &
(58) B2 BHFRMERE, THEBMMKERV
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»odz (H3), BEBIMEEZ T > br—ilBnT
B EE 115.5+20.3ml/min/100g (N=6), BEE
69.3+17.1ml/min/100g (N=6) & FEMNEEELD




MR A B IR 5 S BT B 0 T AR 1 B 3 2 FEBRROBZE 845

ml fin *

o

0

+ >
100
=

~

o

=

5

=

“

o

z 50t
o

-

Y

!

o

<

—

P

} } } i
0

50 100 150 200
Blood pressure(maximum) kg

Fig. 2. Sequential change of blood of flow of renal
artery per 100g kidney weight during blood
letting to shock. N=18 except *, N=14.
Values are means + SD.
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mines I3 EEWTRERRE 60 I TIEIZ 2 > o— L {EA
L{ET L 7243, renin-angiotensin RIZHEMK £ L CH{E
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2 &I, R TRAREE O BREE S T2 25,
REREIZ X SR Tnd, 3B BV TIXRRE
LYEEREHET, BFfREES R, $-FEREAT
% B, MECCREEOZERESIIFEE
R UREE LESEEE L ) —SEBL T
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Table 2. Renal function with renal ischemia produced by shock and/or suprarenal aortic clamp.

Group 1. Shock 0’ +Clamp 30’

Group 4. Shock 60’ +Clamp 0’

Control 0—1 hour 2—3 hour Control 0—1 hour 2—3 hour
post declamp post declamp ontro post shock  post shock
BFRA 98.613.7 71.1%£20.6* 72.6-18.7% BFRA 104.6-£25.1 87.2423.7™ 96.5--19.4™
uv 274464 16.3x8.1* 23.2+453™ uv 204453 12.7+6.1*  22.3+10.17
Osm U/P  2.38%0.52 191+0.73™ 2.06+0.69™ Osm U/P 2694067 205+085™ 2.39+0.91"
FENa 0.21+£0.09 0.45+0.22* 0.2340.06™ FENa 0.39£0.12 051+0.30™ 0.40+0.16™
Group 2. Shock 0’ + Clamp 60" Group 5. Shock 60’ +Clamp 30’
Control 0—1{ hour 2-3 hour Control 0—1 hour 2—3 hour
ntro post declamp post declamp 0 post declamp post declamp
BFRA 84.8+14.5 50.3+13.8*%* 52.74+13.2%* BFRA 93.1423.8 57.24+15.9** 73.04+20.3**
uv 25.3+4.2 T.6x£3.3*%*  14.4+T7.0%* uv 18.74£3.6  33+£1.5%* 51£24%*
Osm U/P  2.95+0.61 3.20° 1.31+0.42° Osm U/P  258-0.46 1.4340.26° 1.20%0.09°
FENa 0.26+0.04 9.7° 5.8+£2.4° FENa 027008 35+1.9° 44+15°
Group 3. Shock 0’ +Clamp 90’ Group 6. Shock 60+ Clamp 60’
0—1 hour 2—3 hour 0—1 hour 2—3 hour
Control post declamp post declamp Control post declamp post declamp
BFRA 943175 57.5+13.6%* 56.3+16.8** BFRA 101.6+£13.5 58.3+18.7** 60.6:+16.3**
uv 23.5+3.7 0+0** 0.59+0.26** uv 20.3+34 040** 0+ 0**
Osm U/P  2.74+057 (a) 1.44+04° Osm U/P  3.07+0.21 (a) (a)
FENa 0.28+0.07 (a) 14.6+5.2° FENa 0.38+0.09 (a) (a)

N=6 except a, N=0; b, N=1; ¢, N=2; d, N=3.

BFRA, blood flow of renal artery per 100g kidney weight {ml/min/100g) ; UV, urine volume per 100g
kidney weight (ml/hr/100g); Osm U/P, urine osmolality/plasma osmolality; FENa, fractional excretion
of Na(%) ; ns, not significant ; *, p<0.05; **, p<0.01.

Values are means=+SD.
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Atz BRI BLWTIRFEESEEWC L RUEEIIRE
ANEETEME Bbt 7 (B5). L8 TIERIRA
BTN ERT, BELE Lo (H6).

II. Ice slush BATAH R U 4°C Ringer REE

L&A BREOYR

1. BA%HRUERKIC L 3BRERVEEDR
EE

Ice slush i2 L 2 BFAGENC B TIHEETH 8 &
TIECEE 22, BE TR SUELELE KEL
BEOBEENE Lipolk (R7). 4 CRinger I
k2 BRI T I5CAD®BENC FE T 20~30 53,

ml Anin
100¢

Blood flow of renal artery
L

0 ¥
Control Shock Clamp Post declamp
4 4
30 90 150

Periods
Fig.3. Change of blood flow of renal artery per
100 g kidney weight in group 5 (shock 60’ +clamp
30). N=6. Values are means + SD.
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RETHIG64Y, BETH 20228 L, $HkGE
05355 30 20MICEELHEORBECEREESD
DN ZEDEIZRFGHIOAIEERT Do (B
9). REOWHZRE2HET 2 L, BRER<FS
H<BAWH+EEHRTDH D, HEOBHAME % i
T2&, BIGH=BER<BRRI+BERTH-
. RBELBEOREEFIET 2L, BRE<BR
HE+BRR<BEARGETH - 72,

2. T~12FRC BT 2 EREOLER (F4e)

TEECBWLWTaY bo—L L HEL T, EEERS
BEIRMGE, RECHEFEOET 2R, EWFERE
2~ 3 CHRBC T ARREL N TE 2 36T

wl, i /1008 l

—
a
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Tissue blood flow

Control Shock Clamp Pos} deciﬂ}

Periods
Fig.4. Change of tissue blood flow in group 5

(shock 60’+clamp 30°). ©, cortex ; ®, medulla.
N=6. Values are means = SD.

Table 3. Renin-angiotensins and catecholamines in group 5 (shock 60‘+clamp 30")

Control Shock o st
PRA  (ng/ml/hr) 26x1.2 10.244.3 6.72.8
AT T (pg/ml) 1200850 79003200 85002800
ATT (pg/ml) 51.2+134 27036 249+69
NA (ng/ml) 1.204+0.43 17.8+7.1 1.43+0:52
A (ng/ml) 0.8540.12 76421 0.70£0.18

N=6

PRA, plasma renin activity; AT I, angiotensin 1 ; AT I, angiotensin I ; NA,

noradrenalin; A, adrenalin.
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DEEOEEZRE Do, IBIIBLTI Y b
o—L kL T, MERTRRREE 2 ~ 3 BEfEIZ T FENa
DEED LR EFD 2, GERMTE, RE, BE
[Ethic B b z@E D Lotz WEHCBLWTIY Po—
WL T, EWTERR 2 ~ SRR CTREDEE
DET %D, REX+RREOFRTE: 3
TEEELOETE FENaD LR &2 E 7z, 118
BULTar ho—L e LT, ERTRRG 2 ~ 38
i CEBIRMRE, RE, REELOBEDET L
FENa DEED LB %8, L2HCBLTI Vb

Fig.5. Cutsurface of kidney of group 6 (shock
60’+clamp 60’, no renal preservation). Conges-
tion of the outer medullary vasculature is
apparent and most of the cortex is pale.

Peia T T i

Fig.6. Cortex of kidney of group 6 (shock 60’+
clamp 60', no renal preservation). Vacuolar
degeneration of proximal convoluted tubules is

prominant. H-E stain. Original magnification
X 200.

O - LR T, TR ERILOBEOET
& FENa OHED LR 2R 755, BIRRE 2 ~ 3
Bz CEBMRMEE, RECFEOERLIRADLL
Moz,

3. T~12 BEC B 2 BOMMEHLE

THTIRARNCEEIEFETCKEI RS SEET
Horz, RETIEAMREE OZERER L MEOFE
BHilz, SETRRIRWICEE2RDLLEHTE
otz NFETEAIRME OZEMEN 2R 7 055
Tledot, IBTIRIRMICEEZRD 228, #
BTt ot B CIRERIRME DR £ MEO
FEERD, —HOEMEME LECEREEEED
fo. WHTRARNCZEIERT, KEEEAT
Hot, RBETRRMEOEHRERIEEEECRA
72, METRARNCEBER2RAD Y, KEOERAR
Bl ot, HETILEMREE DREERE %
Bz, REMEI L SRR T, 12 BETIRARE
KERROBKE A, BEZ2REDOY, KEOEHE
Bvedrote (F10). RECRIEMREETEHE
BROBIA LB OEE 23RS, RAEHENICERRE

40r
30t
20
10t

0— + g8
Control 10 20 30 90
Time min

Renal temperature

Fig. 7. Temperature of renal cortex and medulla
with topical cooling by ice slush. ©,cortex; ®,
medulla. N=6. Values are means + SD.
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Renal temperature

0 ; i
Control 10 20 30 90

Time

Fig.8. Temperature of renal cortex and medulla
with renal perfusion by 4°C lactate Ringer’s
solution. O, cortex; ®, medulla. N=6.
Values are means + SD.
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Fig.9. Temperature of renal cortex and medulla
with topical cooling and renal perfusion. O,
cortex ; ®, medulla. N=6. Values are means

+ SD.
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4. EFGEHRUVEERCLI2BREOHRE (&
5)
BRECBALLET 2D AEELRLE2EE
S REV IR DRRIC AL 72,

ST L ERERRE 2~ 3RO RE S 1 ml/100
gBEEUTOLD

SYHEIL @ EEUTAERR S 2 ~ 3 ISR BB 1.5 1)
T, »DFENan3.0tndbo

SN BT S LS RSEIZHET 240
TEEK IR AW 90 %172 -723, 7, 8, 9
HTANBT20RE LK T 2 L AFGHOAD 7

Table 4. Renal function with renal preservation by topical cooling and/or renal perfusion for renal

ischemia.
Group 7. Shock 0’+Clamp 90’ Group 10. Shock 60’ +Clamp 60’
Ice slush Ice slush
0—1 hour 2—3 hour 0—1 hour 2—3 hour
Control post declamp post declamp Control post declamp post declamp
BFRA 83.9+17.1 53.4£19.0%% B7.5+13.2* BFRA T7.8£236 52.7+17.2*% 60.4+14.7
uv 240459  53£3.3%*%  10.145.1** uv 20.7%5.1 5.7+ 2.6*;“ 12.6£5.5%
Osm U/P  2.85+0.43 1.52+0.37  1.56:+0.40° Osm U/P  2.84+0.37 1.63+0.41° 1.69+0.50°
FENa 0.2140.04 14.7+7.1° 4.0+2.8° FENa 0.25+004 7.943.2 3.441.2¢
Group 8. Shock 0'+Clamp 90 Group 11. Shock 60'+Clamp 60’
4°C Ringer’s solution 4°C Ringer’s solution
Control 0—1 hour 2—3 hour Control 0—1 hour 2—3 hour
post declamp post declamp post declamp post declamp
BFRA 93.5+14.1 65.8+18.7** 78.1+12.4* BFRA 104.3+27.1 75.3+21.3% 78.1+4174*
uv 226447 10.74£39** 205451 uv 23.1+56  20.1+85™ 16.1+4.2%
Osm U/P  3.25+031 2.43+087  2.87+0.99™ Osm U/P  2.84+031 167055 1.94-0.43%*
FENa 0.37+£0.09 1.75+091"  2.0420.43%* FENa 0.24+£0.08 5.142.3" 1.31£041%
Group 9. Shock 0’+Clamp 90’ G 12 Shock 60"+ Clamp 60’
Ice slush+4C Ringer's solution TOUP %2 1oe slush+4T Ringer’s solution
Control 0—1 hour 2—3 hour Control 0—1 hour 2—3 hour
post declamp post declamp post declamp post declamp
BFRA 90.9+£176 67.1%£12.3* 78.0+10.3™ BFRA 114.3423.8 88.3+£20.4** 95.7+23.2"
uv 24.7£53 175+9.7° 23546.1™ uv 204+41 153+9.3"  245+10.7"
Osm U/P  3.02+0.41 2.62+0.80" 2924057™ Osm U/P 243%0.33 1.26%£0.24** 2.04+0.31*
FENa 0.41£0.11 1.03£0.30** 0.7340.18** FENa 0.23£0.06 4.7+£2.4%%  {20+0.36%*

N=6 except ¢, N=2; d, N=3; {, N=5.

BFRA, blood flow of renal artery per 100g kidney weight (ml/min/100g); UV, urine volume per 100g
kidney weight (ml/hr/100g); Osm U/P, urine osmolality/plasma osmolality ; FENa, fractional excretion
of Na (%); ns, not significant; *, p<0.05; ** p<0.01.

Values are means+SD.
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Fig. 10. Cutsurface of kidney of group 12 (shock Fig.11. Cortex of kidney of group 12 (shock 60’'+
60’+clamp 60’, topical cooling + renal perfu- clamp 60’, topical cooling + renal perfusion).
sion). Cortex is congested with widened striae. Interstitial space is edematous and globular

debris is within the tubular lumen. H-E stain.
Original magnification X 200.

Table 5. Incidence of ARF (acute renal failure).

A : without cold preservation

ARF
Group Shock Clamp | I -
1 0’ 30 0/6 0/8 0/6
2 0’ 60" 3/6 1/3 4/6
3 0’ 90’ 4/6 2/2 6/6
4 60° 0’ 0/6 0/6 0/6
5 60 30° 2/6 3/4 5/6
6 60 60° 6/6 —~ 6/6

B: with cold preservation for renal ischemia (shock 0'-+clamp 90")

Group Cold preservation ARF
Ice slush 4°C Ringer 1 I Jug
7 + — 3/6 2/3 5/6°
8 - + 0/6 1/6 1/6°
9 + + 0/6 0/6 0/6°
C: with cold preservation for renal ischemia (shock 60'+clamp 60')
Group Cold preservation ARF
Ice slush 4°C Ringer I il I
10 + - /6 33 g
11 - + 0/6 1/6 1/6°
12 + + 0/6 1/6 1/6°

a, not significant versus group 3
b, p<0.05 versus group 3
¢, p<0.01 versus group 3
d, not significant versus group 6
e, p<0.05 versus group 6

The definition of ARF is divided into 3 categories: I, urine volume of 2—3
hr post declamp is less than 1 ml per 100g kidney weight; I, FENa of
2—3 hr post declamp is more than 3% and Osm U/P of the same period is
less than 1.5; I, that saticifies the definition 1 or I.
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Fashahort, BRROAD S BT MENIC X
HRUEBT2E 1HICED DA THY, IBITLEA
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Experimental Study for Renal Protection during Suprarenal Cross Clamping of the
Abdominal Aorta Hiroshi Urayama, Department of Surgery (I), School of Medicine,
Kanazawa University, kanazawa 920—J. Juzen Med. Soc., 95, 842—854 (1986)

Key words: Ruptured abdominal aortic aneurysm, Acute renal failure, Suprarenal aortic
cross clamping, Topical cooling, Renal perfusion.

Abstract

The pathophysiology of the kidney and the cooling effects during suprarenal aortic cross
clamping were studied in mongrel dogs. As the model of ruptured abdominal aortic aneurysm,
hypovolemic shock of 60 mmHg systolic blood pressure was induced by withdrawing blood.
Thirty-six kidneys were divided equally into 6 groups---group 1 : 30 min clamping of suprarenal
aorta; group 2: 60 min clamping; group 3: 90 min clamping; group 4: 60 min shock ; group
5: 60 min shock + 30 min clamping ; group 6 : 60 min shock + 60 min clamping. In groups, 2,
3,5 and 6, the blood flow of renal artery, urine output, the ratio of urine and plasma osmolality
were decreased, and the fractional excretion of Na (FENa) was increased, during the period of 2
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to 3 hours after declamping. Renal protection during the aortic clamping 'was performed by
topical cooling with ice slush and renal perfusion with 4°C lactate Ringer’s solution. Another
thirty-six kidneys were divided equally into 6 groups---group 7: 90 min clamping and topical
cooling ; group 8 : 90 min clamping and renal perfusion ; group 9: 90 min clamping and topical
cooling + renal perfusion; group 10: 60 min shock + 60 min clamping and topical cooling;
group 11: 60 min shock + 60 min clamping and renal perfusion ; group 12: 60 min shock + 60
min clamping and topical cooling + renal perfusion. In the topical cooling groups, 7 and 10, the
renal functions deteriorated. However, the renal functions of groups 8, 9, 11 and 12, were well
preserved by renal perfusion or topical cooling + renal perfusion. In the pathological study; the
kidneys of groups 8, 9, 11 and 12 were less degenerated than those of the control groups 3 and 6.
Topical cooling is not satisfactory for renal protection because of the disparity of the temperature
between the cortex and the medulla of the kidney. Also; in humans the procedure of topical
cooling is troublesome by reason of the fixation of the kidney in the retroperitoneal space.
Particularly, when the suprarenal aortic cross clamping is necessary in the operation of ruptured
abdominal aortic aneurysm, the renal perfusion of 4°C lactate Ringer’s solution is preferred for
renal protection, because the solution is easily obtained and the perfusion can be performed
quickly in the event of an emergency. ‘




